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(67) A phase-difference circuit is disclosed. The
phase-difference circuit comprises a plurality of phase
comparators which detects a phase difference between
receipt data and a clock signal of a plurality of clock sig-
nals having the same frequency and phase difference of
a predetermined angle with each other, and generates
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and outputs signals for up/down signals for synchronizing
a phase. The phase comparator generates and outputs
a signal for the up/down signals having a pulse width
including a detected phase-time difference and a prede-
termined delay time.
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Description
BACKGROUND
Field of the Invention

[0001] The presentinvention relates to a phase-detec-
tor circuit which outputs an up/down signal according to
a phase-difference between a data signal and a clock
signal, and a clock-data recovery circuit including the
phase-detector circuit.

[0002] Generally, a clock-data recovery circuit is con-
figured with a phase-detector circuit (PD), a charge pump
(CP), a voltage-control oscillator (VCO), and a loop filter
(LPF). A Hodge-phase comparator is known as such a
phase-detector circuit. The Hodge-phase comparator re-
quires a 4 GHz clock in order to receive a signal of 4
Gbps. In this regard, it requires a faster clock as the data
rate becomes faster, so it is difficult to achieve implemen-
tation corresponding to the speeding-up. In order to solve
the above problem, as disclosed in JP Patent publication
No. 3196725B, a half-rate phase comparator having a
clock capable of importing data at a speed of 2 GHz when
the data rate is 4 Gbps is already known.

[0003] However, in the half-rate phase comparator,
each pulse width of UP, DN signals as the output signals
of the phase comparator is 1 Ul (Unit interval) or less. In
particular, it becomes 0.5 Ul during the phase synchro-
nization. When the data rate is at 4 Gbps, the pulse width
is as narrow as 125 ps. According to the manufacturing
process or the type of device, it is difficult to maintain an
accurate pulse width until the charge pump is driven.
Thus, there is a problem in that the precision of the phase
synchronization falls.

SUMMARY

[0004] In light of the above, an object of the present
invention aims to provide a phase-detector circuit which
can output up/down signals having sufficient pulse width
in a high-speed communication, and a clock-data recov-
ery circuit including the phase-detector circuit.

[0005] In orderto accomplish the above-described ob-
ject, a phase-detector circuit according to Embodiments
ofthe presentinvention includes a plurality of phase com-
parators which detects a phase difference between re-
ceived data and a clock signal of a plurality of clock sig-
nals having the same frequency and phase difference of
a predetermined angle with each other, and generates
and outputs signals for up/down signals for synchronizing
a phase; wherein the phase comparator generates and
outputs a signal for the up/down signals having a pulse
width including a detected phase-difference time and a
predetermined delay time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings are included to
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provide further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention
and, together with the specification, serve to explain the
principle of the invention.

FIG. 1 is a circuit diagram of a phase-detector circuit
according to Embodiment 1 of the present invention.
FIG. 2 is an explanatory view illustrating a time-chart
of a clock signal being used in the phase-detector
circuit shown in FIG. 1.

FIG. 3 is a time chart illustrating the behavior of the
phase-detector circuit as shown in FIG. 1.

FIG. 4 is a circuit diagram illustrating a reset-signal
generator of the phase-detector circuit shown in FIG.
1.

FIG. 5 is a time chart illustrating a state of output
delay.

FIG. 6 is a circuit diagram illustrating a configuration
of a first phase comparator provided in the phase-
detector circuit shown in FIG. 1.

FIG. 7 is a time chart illustrating the behavior of the
first phase comparator shown in FIG. 6.

FIG. 8 is a circuit diagram illustrating a configuration
of a second phase comparator provided in the
phase-detector circuit shown in FIG 1.

FIG. 9 is a time chart illustrating the behavior of the
second phase comparator shown in FIG. 8.

FIG. 10is acircuitdiagramiillustrating a configuration
of a third phase comparator provided in the phase-
detector circuit shown in FIG. 1.

FIG. 11isacircuitdiagramillustrating a configuration
of a fourth phase comparator provided in the phase-
detector circuit shown in FIG. 1.

FIG. 12is a time chartillustrating the behavior of the
second and fourth phase comparators.

FIG. 13isacircuitdiagramiillustrating a configuration
of a clock-data recovery circuit.

FIG. 14is acircuitdiagramiillustrating a configuration
of a charge pump shown in FIG. 13.

FIG. 15is acircuitdiagramiillustrating a configuration
of a loop filter shown in FIG. 13.

FIG. 16is acircuitdiagramiillustrating a configuration
of a voltage-control oscillator shown in FIG.13.
FIG. 17 isacircuitdiagramiillustrating a configuration
of a data-sampling part shown in FIG.13.

FIG. 18isacircuitdiagramiillustrating a configuration
of a clock-data recovery circuit according to Embod-
iment 2 of the present invention.

FIG.19is acircuitdiagramiillustrating a configuration
of a frequency divider shown in FIG.18.

FIG.20is acircuitdiagramiillustrating a configuration
of a phase-frequency comparator shown in FIG.18.
FIG. 21 is a circuit diagram illustrating an up/down-
signal selector.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0007] Hereinafter, a description will be given below of
a phase-detector circuit and a clock-data recovery circuit
according to Embodiments of the present invention with
reference to the figures.

[Embodiment 1]

[0008] A phase-detector circuit 10 shown in FIG. 1 is
used in a clock-data recovery circuit for high-speed serial
communication.

[0009] The phase-detector circuit 10 includes a reset-
signal generator 11 which generates a reset signal,
phase comparators PD_A to PD_D (A to D), and OR
circuits 12 to 15 (K1 to K4).

[0010] As shown in FIG. 2, the reset-signal generator
11 receives clock signals CK0, CK1, CK2, and CK3 (0
to 3) having a phase difference per period T (1/4) for
each, and as shown in FIG. 3, the reset-signal generator
11 generates and outputs eight reset signals RST_AO,
RST_A1, RST_BO, RST_B1, RST_CO, RST_C1,
RST_DO,RTS_D1 (A0, A1, B0, B1,C0, C1,D0, D1) hav-
ing a double period.

[0011] A frequency of each clock signal CKO, CK1,
CK2, and CK3 is a half-data rate compared to serial com-
munication. Each clock signal has a phase-difference of
90 degrees in between. In the clock-data recovery circuit,
the period T of the clock is controlled so as to be twice
the data rate (1U1 of data = T/2).

[0012] As shown in FIG. 4, the reset-signal generator
11 is configured with eight flip-flops FF1 to FF8 and two
inverters 17 and 18. The flip-flops FF1 and FF5 divide
the frequencies of the clock signals CK3 and CK1 by 2.
The flip-flops FF3 and FF4 divide the frequency of the
clock signal CK2 by 2. The flip-flops FF7 and FF8 divide
the frequency of the clock signal CKO by 2.

[0013] As shown in FIG. 3, because each phase dif-
ference of the clock signals CKO, CK1, CK2, and CK3 is
90 degrees in between, the reset signal RST_AO0 and the
reset signal RST_A1 have a phase difference of
T/4periods. Similarly, each phase difference of the reset
signals RST_BO0 and RST_B1, thereset signals RST_CO0
and RST_C1, and the reset signals RST_DO and
RST_D1 is T/4 periods. In addition, each phase differ-
ence of the reset signals RST_A0, RST_BO0, RST_CO0,
and RST_DO is T/2 periods in between.

[0014] Alternatively, when the circuit is implemented,
the flip-flops FF1 to FF8 include a certain amount of out-
putdelay, so an output delay according to devices occurs.
FIG. 5 illustrates a timing chart in which the output delay
in the flip-flops FF1to FF8in FIG. 4 is TD (predetermined
delay time). As compared with FIG. 4, FIG. 5 shows that
each reset signal RST_AO0, RST_A1,RST_BO0, RST_B1,
RST_CO, RST_C1, RST_DO, and RST_D1 is delayed
from each clock signal CKO, CK1, CK2, and CK3.
[0015] FIG. 6 is a circuit diagram illustrating a config-
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uration of a first phase comparator PD_A. The phase
comparator PD_A includes five flip-flops FF11A to
FF15A, a NAND circuit 20, and an exclusive-logical ad-
dition circuit 21. The phase comparator PD_A receives
received data DATA, clock signals CKO and CK2, and
the reset signals RST_AO and RST_A1, and outputs a
signal UP_A (AU) for an up signal and a signal DN_A
(AD) for a down signal. One of the five flip-flops FF op-
erates at a falling edge, and the remaining four flip-flops
FF are the set-reset flip-flops. Herein, the output power
of the set-reset flip-fops FF11A to FF14A is at high-level
on the reset time.

[0016] FIG. 7 illustrates a timing chart of the phase
comparator PD_A. FIG. 7 shows an example of a data
pattern of the received data DATA. The received data
DATA herein imports the clock signals CKO and CK2 at
each rising edge. The phase difference between the re-
ceived data edge and the rising edge of the clock signals
CKO and CK2 is Aph (phase-difference time).

[0017] In addition, as described in FIG. 4, the actual
output delay TD in the flip-flops FF3 and FF1 of the reset-
signal generator 11 in relation to the reset signals
RST_AO0 and RST_A1 is shown. Although an output de-
lay also occurs in each flip-flop FF11A to FF14A in rela-
tion to output signals UPB_A1 and UPB_A2 for the up
signal or output signals DNB_A1 and DNB_AZ2 for the
down signal actually, it is omitted herein because it has
no relation to the feature of Embodiment 1.

[0018] Hereinafter, a generation step of a signal
UPT_A for the up signal is described with reference to
the time chart shown in FIG. 7.

[0019] AsshowninFIG. 7, underthe condition that the
reset signal is high and the clock signal CK2 is low, a
signal UP_A for the up signal is generated according to
the rising or falling of the received data DATA. The output
signal UPB_A1 falls when the received data DATA rises,
and the output signal UPB_A1 rises when the reset signal
RST_AO becomes low (introduced into reset). That is, a
time rag between the rise time of the received data DATA
and the falling time of the reset signal RST_AO (phase-
difference time + prescribed delay time, that is, Aph +
TD) is retrieved as a pulse width of the output signal
UPB_A1.

[0020] Under the condition that the reset signal
RST_AO is high and the clock signal CK2 is low, the out-
put signal UPB_A2 falls when the received data DATA
falls, and the output signal UPB_AZ2 rises when the reset
signal RST_AOQ becomes low (introduced intoreset). That
is, a time rag between the falling time of the received
data DATA andthefalling time of the reset signal RST_AO
(Aph + TD) is retrieved as a pulse width of the output
signal UPB_A2. Herein, each of therising and falling edg-
es of the received data DATA is called as a transition
edge of the received data DATA.

[0021] Thus, the signal UP_A is generated by picking
up NAND information regarding the output signals
UPB_A1 and UPB_A2 generated as described above.
The pulse width of the signal UP_A is detected so as to
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include the time rag between the edge of the received
data DATA and thefalling time of the reset signal RST_AQ
(Aph + TD) according to the rise or fall of the received
data DATA, when the reset signal RST_AO is high and
the clock signal CK2 is low.

[0022] Next, a description of the generating step of the
signal DN_A is given below. Initially, clock signal
CKOO_Ais generated by retrieving the received data DA-
TA in the clock CKO. The output signal DNB_A1 is gen-
erated by retrieving the clock data CKOO_A, and the out-
put signal DNB_AZ2 is generated by retrieving the re-
ceived data DATA, when the clock signal CK2 rises under
the condition that the reset signal RST_A1 is high. Each
output signal DNB_A1 and DNB_A2 becomes high when
the reset signal RST_A1 falls. Then, the signal DN_A is
generated from an exclusive logical addition of the output
signal DNB_A1 and DNB_AZ2.

[0023] In other words, the signal DN_A is detected in
the case in which the received data DATA changes during
the time period between the rising of clock signal CKO
and the rising of clock signal CK2 under the condition
that the rest signal RST_A1 is high. Such a time period
is 0.5Ul + TD as shown in FIG. 7. Although the phase
difference between the reset signals RST_AO and
RST_A1 is shown as T/4 in FIG. 3, it is shown as 0.5Ul
in FIG. 7 because it is calculated as 1Ul = T/2 under the
condition that each frequency of the received data and
each frequency of the clock signal are synchronized, in
the clock-data recovery circuit.

[0024] FIG. 8 is a circuit diagram illustrating a config-
uration of the phase comparator PD_C. The phase com-
parator PD_C is similar to the phase comparator PD_A
shown in FIG. 6 except that the reset signals RST_CO0
and RST_C1 are input as reset signals.

[0025] Similartothe above description, the phase com-
parator PD_C generates a signal (CU) UP_C for the up
signal by picking up NAND information between an out-
put signal UPB_C1 and an output signal UPB_C2. A sig-
nal (Cd) DN_C for the down signal is generated by cal-
culating an exclusive logical addition of output signals
DNB_C1 and DNB_C2.

[0026] FIG. 9 illustrates a timing chart of the signal
UP_C and the signal DN_C in relation to an up signal
UP1 and a down signal DN1 shown in FIG. 1. In FIG. 9,
the relationship between the received data DATA and
the clock signals CKO and CK2 is similar to that of the
timing chart shown in FIG 7. The edge of the received
data DATA and the rising edges of the clock signals CKO
and CK2 always include a difference of Aph.

[0027] According to FIG. 9, under the condition that
the edge of the received data DATA is in the time period
in which the clock signal CK2 is low, the signal UP_A and
the signal DN_A are not detected but the signal UP_C
and the signal DN_C are detected. In other words, the
time period for detecting the edge by the phase compa-
rator PD_A and the time period for detecting the edge by
the phase comparator PD_C changes one after the other,
under the condition that the clock signal CK2 is low.

10

15

20

25

30

35

40

45

50

55

[0028] The up signal UP1 is generated by picking up
OR information between the signals UP_A and UP_C.
The down signal DM1 is generated by picking up OR
information between the signals DN_A and DN_C. Here-
in, the pulse width of the up signal UP1 is Aph + TD, and
the pulse width of the down signal DN1 is 0.5Ul + TD.
[0029] In the clock-data recovery circuit, the pulse
widths of the up signal and the down signal are controlled
so as to be even during the process of phase synchro-
nization between the received data DATA and the clock
signal. The edge of the received data DATA is also con-
trolled so as to be in between the rising edges of the clock
signal CKO and the clock signal CK2, because Aph + TD
is 0.5Ul + TD; therefore, Aph = 0.5 Ul in the phase syn-
chronization. Thereby, the margin from the edge of re-
ceiving data to the edge of the clock signal is maximized
when the received data DATA is detected by the clock
signal. Thus, an error in data recovery is prevented to
the highest possible degree. Therefore, the stability dur-
ing communication can be increased.

[0030] FIG. 10is a circuit diagram illustrating a config-
uration of a phase comparator PD_B. The phase com-
parator PD_B is similar to the phase comparator PD_A
as shown in FIG. 6, except that the reset signals RST_BO
and RST_B1 are input as reset signals, and clock signals
CKO and CK2 are input in an opposite manner to those
in FIG. 6.

[0031] Similartothe above description, the phase com-
parator PD_B generates a signal (BU) UP_B for the up
signal by picking up NAND information between an out-
put signal UPB_B1 and an output signal UPB_B2. A sig-
nal (BD) DN_B for the down signal is generated by cal-
culating the exclusive logical addition of the output sig-
nals DNB_B1 and DNB_B2.

[0032] FIG. 11 illustrates a configuration of a phase
comparator PD_D in FIG. 1.

[0033] The phase comparator PD_D is similar to the
phase comparator PD_B as shown in FIG. 10, except
that reset signals RST_DO0 and RST_D1 are input as re-
set signals.

[0034] The phase comparator PD_D generates a sig-
nal (DU) UP_D for the up signal by picking up NAND
information between output signals UPB_D1 and
UPB_D2 for the up signal. A signal (DD) DN_D for the
down signal is generated by calculating exclusive logical
addition of the output signals DNB_D1 and DNB_D2.
[0035] FIG. 12illustrates a timing chart of each behav-
ior of the phase comparators PD_B and PD_D, and an
up signal UP2 and a down signal DN2 shown in FIG. 1.
The relationship between the received data DATA and
the clock signals CKO and CK2 in FIG. 12 is similar to
that shown in the timing chart in FIG. 9. In essence, the
generation step of the signals UP_B and UP_D and the
signals DN_B and DN_D is similar to that in the timing
chart in FIG. 9, but the detection is operated under the
condition that the edge of the received data DATA is with-
in the time period in which the clock signal CKO is low
because the connection of the clock signals CKO and
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CK2 is opposite to that in FIG. 6 or 8. The up signal UP2
is generated by picking up OR information of the signals
UP_B and UP_D. The down signal DN2 is generated by
calculating exclusive logical addition of the signals DN_B
and DN_D. The pulse width of the up signal UP2 is Aph
+TD and the pulse width of the down signal is 0.5Ul + TD.
[0036] Similarto FIG. 9, in the clock-data recovery cir-
cuit, the pulse widths of the up signal UP2 and the down
signal DN2 are controlled so as be even during the proc-
ess of the phase synchronization of the received data
DATA and the clock signal. Under the condition of phase
synchronization, Aph + TD becomes 0.5Ul + TD, that is
Aph = 0.5Ul, so the edge of the received data DATA is
controlled so as to be in between the rising edges of the
clock signals CK2 and CKO. Thereby, in the clock-data
recovery circuit, the margin from the edge of the received
data to the edge of the clock signals is maximized when
the received data is detected by the clock signal. Thus,
errors in data recovery can be prevented to the highest
possible degree. Therefore, stability in communication
can be increased.

[0037] Therefore, as described above, the phase com-
parators PD_A to PD_D according to Embodiment 1 de-
tect the phase difference between the received data DA-
TA and the clock signal indirectly. The phase compara-
tors PD_A to PD_D detect the phase difference between
the reset signals generated from the clock signal, re-
ceived data DATA, and clock signal as the pulse width.
Thereby, each pulse width of the up signal and the down
signalis ensured appropriately so as notto be too narrow,
and an adequate pulse width can be ensured according
to the type of device, the temperature, and the power-
supply voltage. In particular, when the device is slow, the
temperature is high, and the power-supply voltage is low,
the pulse width becomes longer because the output delay
TD becomes longer. Alternatively, the pulse width be-
comes narrow when the device is fast, temperature is
low, and the power-supply voltage is high. However,
there is no problem because the performance of the de-
vice is fast in this case. Additionally, phase synchroniza-
tion can be achieved with a high degree of accuracy be-
cause the pulse width of each up signal and down signal
can be maintained in the phase comparators PD_A to
PD_D according to Embodiment 1.

[0038] FIG. 13 illustrates the circuit configuration in a
case in which the phase-detector circuit 10 is applied to
the clock-data recovery circuit 30.

[0039] The clock-datarecovery circuit 30 is configured
with the phase-detector circuit 10, charge pump 31, a
loop filter 32, a voltage-control oscillator (VCO) 33, and
a data-sampling part 34. A negative-feedback circuit is
configured of the phase-detector circuit 10, the charge
pump 31, the loop filter 32, and the voltage-control oscil-
lator (VCO) 33. The phase-detector circuit 10 and the
data-sampling part 34 are controlled so that the phase
of received data DATA and the phase of clock signals
(CKO, CK1, CK2, and ck3) are synchronized with each
other.
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[0040] The data-sampling part 34 samples the re-
ceived data DATA through the phase-synchronized clock
signals CKO and CK2, and synchronizes it with the clock
signal CKO (recovery-clock signal) so as to output 2 bit
data (CDRDATA) as recovery data.

[0041] FIG. 14 illustrates a configuration of the charge
pump 31. In the phase-detector circuit 10 according to
Embodiment 1, two up signals and two down signals are
generated; so two ordinary charge pumps 31 are provid-
ed. The inverter is clearly shown in FIG. 14. This is be-
cause it is difficult to maintain an appropriate pulse width
after passing through the inverter if the widths of the up
and down signals are narrow in the conventional phase
comparators. It would disappear in a worstcase scenario.
Taking this into account, the phase-detector circuit 10 is
configured so as to maintain an appropriate pulse width
in Embodiment 1.

[0042] FIG. 15 illustrates an example of the circuit of
the loop filter 32. The loop filter 32 is configured with a
resistance R and capacitors Cz, Cp, similar to ordinal
filters. According to the constant numbers of the resist-
ance R and the capacitors Cz, Cp, the loop band of the
clock-data recovery circuit 30 in FIG. 13 is determined.
A voltage CPOUT for the output signal which is output
from the charge pump 31 is smoothed by the loop filter
32. Then, the loop filter 32 outputs a voltage VCONT for
the control signal.

[0043] FIG. 16illustrates aconfiguration of the voltage-
control oscillator 33. In Embodiment 1, the voltage-con-
trol oscillator 33 is configured to have a so-called ring-
type VCO configuration because four clock signals hav-
ing phase differences of 90 degrees for each are re-
quired. The analog control voltage of the output voltage
VCONT which is output from the loop filter 32 is input so
that the voltage control oscillator 33 outputs clock signals
CKO, CK1, CK2, CK3 after oscillating by a frequency ac-
cording to the value of the output voltage VCONT.
[0044] FIG. 17 illustrates an example of a circuit con-
figuration of the data-sampling part 34. The data-sam-
pling part 34 is configured of four flip-flops 34F1 to 34F4,
and samples the received data DATA with the clock sig-
nals CKO and CK2 which are phase-synchronized with
the received data DATA in the phase-detector circuit 10.
The sampled received data DATA is further synchronized
with the clock signal CKO, and is output as clock-data
recovery data [1:0].

[0045] With such a configuration of the clock-data re-
covery circuit 30 shown in FIG. 13, the phases of the
received data DATA and the clock signals CKO, CK1,
CK2, CK3 are synchronized. Thereby, each pulse width
of the up signal UP and the down signal DN can be con-
trolled so as to be even. Therefore, APH + TD = 0.5Ul +
TD, and APH = 0.5Ul, under the condition of phase syn-
chronization. Thereby, the edge of the received data DA-
TA is controlled so as to be in between the rising edges
of the clock signal CKO and the clock signal CK2. That
is, the margin from the edge of receiving data DATA to
the edge of the clock signals CK0O, CK1, CK2, CK3 is
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maximized when the received data DATA is detected with
the clock signals CK0O, CK1, CK2, CK3 in the data-sam-
pling part 34. Thus, an errorin data recovery is prevented
to the highest possible degree. Therefore, stability in
communication can be increased.

[Embodiment 2]

[0046] FIG. 18 illustrates a clock-data recovery circuit
130 according to Embodiment 2. The clock-data recovery
circuit 130 further includes a frequency divider 131, a
phase-frequency comparator 132, and an up/down-sig-
nal selector 133. In addition, the clock-data recovery cir-
cuit 30 includes the phase-detector circuit 10, the charge
pump 31, the loop filter 32, the voltage-control oscillator
(VCO) 33, and the data-sampling part 34, as shown in
FIG. 13. The above addition is made so as to improve
the ability of leading the frequency.

[0047] In Embodiment 2, the time period "communica-
tion sequence" is defined as a signal which reverts per
1Ul when being sent as data during the frequency-syn-
chronizing time period.

[0048] AsshowninFIG. 19, the frequency divider 131
generates a divided-clock signal CK_DIV by dividing the
frequency of the clock signal CKO into two through the
flip-flop 131F1 and the inverter 13111. The divided-re-
ceived data DATA_DIV is generated by dividing the fre-
quency of the received data DATA into two through the
flip-flop 131F2 and the inverter 13112.

[0049] AsshowninFIG. 20, the phase-frequency com-
parator 132 is configured of flip-flops 132F1 and 132F2,
and a NAND circuit 132N.

[0050] The frequency-divided clock signal CK_DIV
and the frequency-divided data DATA_DIV which are
output from the frequency divider 131 are input to the
phase-frequency comparator 132. The phase-frequency
comparator 132 generates an up-difference signal
UP_PFD through the difference between the rising edges
of the frequency-divided clock signal CK_DIV and the
frequency-divided data DATA_DIV. A down-difference
signal DN_PFD is generated through the difference be-
tween the rising edges thereof.

[0051] Herein, the frequency-divided clock signal
CK_DIV and the frequency-divided data DATA_DIV are
generated by dividing the clock and the data under the
assumption thatthe data rate is rapid. However, the clock
and the data can be input as they are as long as they do
not affect the operation speed. The output value of the
flip-flops 132F1 and 132F2 becomes low when the reset
signal is input (that is, RB is low).

[0052] As shownin FIG. 21, the up/down-signal selec-
tor 133 is configured of four multiplexers 133M1 to
133M4.

[0053] The up/down-signal selector 133 selects the
output from the phase-detector circuit 10 or the output
from the phase-frequency comparator 132 according to
a frequency-lock signal FLOCK which indicates that the
frequencies of the received data DATA and the clock
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signals CKO0, CK1, CK2, CK3 are synchronized with each
other. However, because the phase-frequency compa-
rator 132 includes only the up-difference signal UP_PFD
and the down-difference signal DN_PFD as the output
signal, GND (low level) is input to the multiplexers 132M2
and 133M4 for the up signal UP2 and the down signal
DN2.

[0054] In both Embodiments, the phase-detector cir-
cuit 10 includes four phase comparators PD_A to PD_D,
and the phase difference between the four clock signals
is 90 degrees for each, although the number thereof is
not limited to four. For example, six phase comparators
can be provided. In this case, the number of clock signals
is six and the phase difference therebetween is 60 de-
grees.

[0055] According to the Embodiments of the present
invention, up and down signals can be output having suf-
ficient pulse width even in high-speed communication.
[0056] Although Embodiments of the presentinvention
have been described above, the present invention is not
limited thereto. It should be appreciated that variations
may be made in the embodiments described by persons
skilled in the art without departing from the scope of the
present invention.

Claims
1. A phase-detector circuit (10), comprising:

a plurality of phase comparators (PD_A, PD_B,
PD_C, and PD_D) which detects a phase differ-
ence between received data (R) and a clock sig-
nal of a plurality of clock signals having the same
frequency and phase difference of a predeter-
mined angle with each other, and generates and
outputs signals for up/down, signals for synchro-
nizing a phase, wherein

the phase comparator generates and outputs a
signal for the up/down signals having a pulse
width including a detected phase-difference
time and a predetermined delay time.

2. A phase-detector circuit (10) according to Claim 1
further comprising:

a reset-signal generator (11) which receives a
plurality of clock signals having the same fre-
quency and phase difference of a predeter-
mined angle with each other, and generates a
reset signal having a predetermined phase dif-
ference angle according to each clock signal;
and

a plurality of OR circuits (12 to 15) in which each
of a logical addition of the signal for the up signal
output from the predetermined phase compara-
tor and the signal for the up signal output from
another predetermined phase comparator is



11 EP 2 804 323 A1

generated as one of a plurality of up signals,
wherein

the plurality of phase comparators (PD_A,
PD_B, PD_C, and PD_D) receive received data
(R), a predetermined clock signal, and a reset
signal to generate signals for an up/down signal
for a phase synchronization; and

each of the phase comparators (PD_A, PD_B,
PD_C, and PD_D) generates the up signal so
as to have a pulse width including a time differ-
ence between a transition edge of the received
data (R) and a falling edge of the reset signal,
and when the up signal has such a pulse width,
the phase comparator (PD_A, PD_B, PD_C,
and PD_D) generates the down signal so as to
have a pulse width including a time difference
between a rising edge of the received data (R)
and the falling edge of the reset signal.

A phase-detector circuit (10), according to Claim 1
or 2, wherein

the reset-signal generator (11) which receives clock
signals 0 to 3 having the same frequency and phase
difference of 90 degrees with each other to generate
reset signals A0, A1, BO, B1, CO, CI, DO, and D1
according to the clock signals 0 to 3;

the plurality of phase comparators (PD_A, PD_B,
PD_C, and PD_D) include:

a phase comparator A which receives received
data, clock signal 0, clock signal 2, reset signal
A0 and reset signal A1 to generate a signal AU
foran up signal and a signal AD for a down signal
which are used in a phase synchronization;

a phase comparator B which receives the re-
ceived data, clock signal 0, clock signal 2, reset
signal BO, and reset signal B1 to generate a sig-
nal BU for the up signal and a signal BD for the
down signal;

a phase comparator C which receives the re-
ceived data, clock signal 0, clock signal 2, reset
signal CO, reset signal C1 to generate a signal
CU for the up signal and a signal Cd for the down
signal;

a phase comparator D which receives the re-
ceived data, clock signal 0, clock signal 2, reset
signal DO, and reset signal D1 to generate a sig-
nal DU for the up signal and a signal DD for the
down signal;

the plurality of OR circuits (12 to 15) include: an
OR circuit K1 which receives the signal AU for
the up signal and the signal CU for the down
signal to generate an up signal UP1 from a log-
ical addition of the signal AU and the signal CU;
an OR circuit K2 which receives the signal BU
for the up signal and the signal DU for the up
signal to generate an up signal UP2 from a log-
ical addition of the signal BU and the signal DU;
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12

an OR circuit K3 which receives the signal AD
for the down signal and the signal Cd for the
down signal to generate a down signal DN1 from
a logical addition of the signal AD and the signal
Cd; and

an OR circuit K4 which receives the signal BD
for the down signal and the signal DD for the
down signal to generate a down signal DN2 from
a logical addition of the signal BD and the signal
DD,

the phase comparator A generates the signal
AU for the up signal so as to have a pulse width
including a time difference between a transition
edge of the received data and a falling edge of
the reset signal AQ, and generates the signal AD
for the down signal to have a pulse width includ-
ing a time difference between a rising edge of
the clock signal 2 and a falling edge of the reset
signal A1 when the signal AU has such a pulse
width,

the phase comparator B generates the signal
BU for the up signal so as to have a pulse width
including a time difference between a transition
edge of the received data and a falling edge of
the reset signal BO, and generates the signal BD
for the down signal to have a pulse width includ-
ing a time difference between a rising edge of
the clock signal 0 and a falling edge of the reset
signal B1 when the signal BU has such a pulse
width,

the phase comparator C generates the signal
CU for the up signal so as to have a pulse width
including a time difference between a transition
edge of the received data and a falling edge of
thereset signal CO, and generates the signal Cd
for the down signal to have a pulse width includ-
ing a time difference between a rising edge of
the clock signal 2 and a falling edge of the reset
signal C1 when the signal CU has such a pulse
width, and

the phase comparator D generates the signal
DU for the up signal so as to have a pulse width
including a time difference between a transition
edge of the received data and a falling edge of
the reset signal DO, and generates the signal
DD for the down signal to have a pulse width
including a time difference between a rising
edge of the clock signal 0 and a falling edge of
the reset signal D1 when the signal DU has such
a pulse width.

4. A clock-data recovery circuit (30), comprising:

the phase-detector circuit (10) according to
Claim 3;

a charge pump (31) which receives the up sig-
nals 1 and 2 and the down signals 1 and 2, and
generates an output signal CPOUT correspond-
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ing to the pulse width of the signals;

aloopfilter (32) which receives the output signal

CPOUT and generates a control signal VCONT

corresponding to a voltage of the output signal

CPOUT; 5

a voltage-control oscillator (33) which receives

the control signal VCONT and generates the

clock signals 0, 1, 2, 3 having a frequency cor-

responding to the control signal VCONT; and

a data-sampling part (34) which receives the 10

clock signals 0 and 2 being output from the volt-

age-control oscillator and the received data and

generates recovery data and a recovery-clock

signal.

15
5. The clock-data recovery circuit (130) according to
Claim 4, further comprising:

a frequency divider (131) which receives the
clock signal 0 and the receipt data and gener- 20
ates a frequency-divided clock signal by dividing

the frequency of the clock signal 0 and frequen-
cy-divided data by dividing the frequency of the
receipt data;

a phase-frequency comparator (132) which re- 25
ceives the frequency-divided clock signal and

the frequency-divided data, generates a differ-
ence between the rising edge of the signal as

an up-difference signal, and generates a differ-
ence between the falling edges of the signalsas 30
a down-difference signal; and

an up/down-signal selector (133) whichreceives

the up-difference signal and the down-differ-
ence signal from the phase-frequency compa-
rator, receives the up signals 1 and 2 and the 35
down signals 1 and 2 from the phase-difference
comparator, selects and outputs the up-differ-
ence signal and the up signal or the down-dif-
ference signal and the down signal correspond-

ing to a frequency-lock signal which indicates 40
that the frequencies of the receipt data and the
clock signal are synchronized, wherein

the up-difference signal and the up signals 1, 2

or the down-difference signal and the down sig-
nals 1, 2 outputfrom the up/down-signal selector 45
are input to the charge pump.

50

55



EP 2 804 323 A1

FIG.1
- pany
| PD_A — UP1
A DN_A(AD)
RST_A0 (A0) I
RST_AT (A1) UP_GGU)] | 13 (K3)
ey NS
RST_CO(CO) ] '
RST_CT(C1) UP_B (BU) Wk
| )5——* UP2
P([’@B DN_B (BD)
RST_BO (B0)
RST BT GBT)
UPDOD| ]| 15k
ol mﬁﬁf—* oz
RST_DO (BO)]
RST_D1 (1)
CK0 (0) 11
CK1 (1) RESET-SIGNAL |/~
CK2 (2) ————| " GENERATOR
CK3 (3)

PHASE-DIFFERENCE GIRCUIT 10



EP 2 804 323 A1

FIG.2
T =
CKO
oKl | Il/i
|
CK2 I iT_/i

CK3 ! /4

10



EP 2 804 323 A1

FIG.3

N
el S S I
< R S
~
S
& S I S IS N
# Ll I S R SN I
— ke (=] o — —
T m_ ¥ < O, < S, m a} W_ m_
=
Q O Q ) %) vlu , QTU ﬂ W W N
(g o [0 ac 0 (0 (g o

1"



EP 2 804 323 A1

FIG.4

17

5y RST_A1
5y RET_C1

CK34 —FF1 . /,,_JFF2

__FF3
! T > RST_AD

y RET_CO

CK2 1o

18

: > RST B1
CKA - —.FF5 ——FF6
! - RST.D1
i __FF7
4 yRST_BO

CKO -T
T | s RST_DO

/

RESET-SIGNAL GENERATOR 11

12



EP 2 804 323 A1

FIG5

13

Al
ISR ER IS A Ly
2
S SN I, IR ISP I sl N
[
o I S B L =
[
el |
— — Q < ™ ™ 2
un/.n_ m Aq C_ A_ C_ m =l m
= e e - e -
o (& w) el [Fa) 78] %]

RST DO



DATA

EP 2 804 323 A1

RST_AO

CKO

CK2

RST_A1

FIG.6
FF11A
|
y— UPBAT
RB i—% UP_A (AU)
T i UPB_A2
1/ RB “\
FF12A
&
R FF13A
) CKOO_A #— DNB_AT o1
1R | D)%DN_A (AD)
DNB_A2
L 2 RB .
N —,
) FF14A
r—-_/

14



EP 2 804 323 A1

9L/L

L
{1+1nS 0 aL+Ing 0
|
L
T~ 0LHd v N1 Y
_ -
1 | Ing 0~ ng” |
N ] ﬁlt [
pa Sy B0 p Bl D”WJ |
| S I T T O O [
Y s ™y
g | ) T _{
I Iz I

¥ NQ

ZY aNg

LY aNg

¥ 00M0

¥ di
¢Y adn
1¥ - adn
1y 1Sy
0¥ 1Y
oA
00

LARY

L7014

15



DATA

RST_CO

CKO

CK2

RST_(G1

EP 2 804 323 A1

FIG.8
UPB_C1
RB
| }% UP_C (cU)
»
UPB_C2
G/ RB
L
CK00_C DNB_C1
+——|DRB
jD_;.om_c (D)
DNB_C2
. RB
»
,n-‘._/

16



EP 2 804 323 A1

] ING
Q+INS0  QI+INSC  Q+INS'0  QL+Ing 0 aL+1ng "0
| L
A+HdY  QI+HdY QLAY QL+HdY U+ V
_— QU+Ing 0 2 Na
| 57dn
QUHI Y~
ool _
; . Y NG
m | ang'o_ [
L | £ | vdn
: | QY]
i
e e I S R
HAY | j Hd V
N S [ e I e IR O [
_ |
_ _ m
I R e v1va

nk Ing Int

6014

17



EP 2 804 323 A1

i::
s UP_B(BU)
[ !

- SDN_B (BD)

FIG.10
UPB_B1
DATA . RB
' S |
T UPB_B2
> RB
RST_BO .
N 0K00_B DNB_B1
CK? +—DRB
R |
oo I~ - DNB_B?
RST B1 4
PD B
FIG.11
UPB_D1
DATA RB
.
- UPB_D2
| > RB
RST_DO .
| CK00.D DNB_D1
CK2 +—— >RB
1
oo | " DNB_D2
RST D1 |

)D______;UP_D(DU)
[

r_;;i:::>_;_‘>nu_n(nn)

—~
PD_D

18



EP 2 804 323 A1

Ql+IN8°0  QI+INg 0 Ql+iNS o

aL+Ing o

Al+HdV

1

UL+HdV | QI+HHdV

1

Qi+INg 0

GL+Hd V

¢Nd

¢dn

A1+Hd vV

AL+ING Q5

— e | e s f— -

AL+INS 0 :

0 NO

QL+ Y ~

ddn

[N (VI — S S STV

L

—— ] e _— -

|

g N

L -(QL+INS 0

ddn

QY

_ A

HdV

|
| sl
|

LT ow

——— —e————

¥1¥d

ni

102

¢19l14

19



EP 2 804 323 A1

0% HQ9

\ﬁo—

TAY 1€
~ ZNQ “ING
¥4 10040 [ dwnd | gD idn JM%HM#MEWW
dagt I9UYHD 7 ol
$X0 ‘ZH0 ‘10 “0N0
00A p
1NOSA £0 20 1% ‘00
mmu 20 0¥
00
, 1¥vd
) 7 ONI TdHYS—¥ 1Y
[0:1] vm\ﬂ
VIYONT9

€10l

Y1¥Q

20



EP 2 804 323 A1

FIG.14
$
W[
Up2—+—>- ] 5 CPOUT
DN | e |
DN2—|—{>>0- | El ’—‘
CHARGE PUMP 317\ _| % 1
FIG.15
CPOUT CONT

N e

LOOP FILTER 32-7"™_.

-------------------------------

21



EP 2 804 323 A1

FIG.16

.. 0KO

—CK1

= 0K3

(K4

—5

VGONT

CK2

S
VCo 33
FIG.17
34{1 34{2
DATA o 7 71— CDRDATAO
L s
L CORDATAT
i . VN |
KO —+ | SN G N

; / /
34F3 34F4

DATA-SAMPLING PART 34

22



EP 2 804 323 A1

0El

A0

hm_)f e NmT/F _
DV_IW ¥301A1D _ HOLYHYdNOD
AT YLV ADNINDIYA
AONANDTH ¥
AT D —4SYHd
04d NQ'04ddng
eel ¥01998S
| ‘ .Jf,JﬂzmHm-zm\¢=
LENO"ING 0d_¢Na ‘6d_ina’l
MW ¢di 1df '0d 2dn ‘ad”1dn
LIN9Y¥ID
TETRIE JAnd o | ¥0153130
d00T | 1nodo JOHYHO —-I8¥Hd
I €30 2N ' 19 0D
.:.__DD goh —— —4
A 30 2 130 ON0
m 200 0D
Jur &
% L¥Yd

[0: 11Y¥IVa3aD

ONTIdHYS-Y.LYQ

vt

Y1¥d

81O

23



EP 2 804 323 A1

FIG.19
FREQUENGY -~ fmmmmmm e e .
DIVIDER 131 -t | a1
! |
R N L5 CK_DIV
KO ———— !
I L
BRI e, L5 DATADIV
DATA —+———— |
e :
FIG.20 3251
PHASE-FREQUENGY ~—-._ [ ~~"7"="{"""7777TTo |
COMPARATOR 132 et |
' t
| VGO 4 s UP_PFD
cKplv ——— NRB[ T = U
| [ 1
| VCC——{ g H————L> DN_PFD
DATA DIV ——— |
! I
132|:2ff—'“’”’"/q |
FIG21
UP/DN-S1GNAL
SELEGTOR 183~~~ ____________ I
UP1_PD—L ' o 133M1
UP_PFD— ,
| 1
UP2_PD— T 1332
I GND !
l a i
DN1_PD 44— f— : DN1133M3
DN_PFD-] )
I I
13304
|
DN2_PD- —
: GND

FLOCK

24



10

15

20

25

30

35

40

45

50

55

EP 2 804 323 A1

des

Europiisches
Patentamt

)) Office européen

European
Patent Office

brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 14 16 8161

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 5 633 899 A (FIEDLER ALAN [US] ET AL) |1 INV.
27 May 1997 (1997-05-27) HO3L7/089
A * column 5, line 60 - column 8, paragraph |2-5
11; figures 5, 6a, 6b *
X US 2009/074125 Al (LIN CHIA-LIANG [US]) 1
19 March 2009 (2009-03-19)
A * paragraph [0036] - paragraph [0040]; 2-5
figures 2-4 *
TECHNICAL FIELDS
SEARCHED (IPC)
HO3L

The present search report has been drawn up for all claims

Place of search

The Hague

Date of completion of the search

8 October 2014

Examiner

Beasley-Suffolk, D

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

25




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 2 804 323 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 14 16 8161

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

08-10-2014
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5633899 A 27-05-1997  JP H1013397 A 16-01-1998
US 5633899 A 27-05-1997

US 2009074125 Al 19-03-2009  CN 101388665 A 18-03-2009
W 200913498 A 16-03-2009
US 2009074125 Al 19-03-2009

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

26



EP 2 804 323 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 3196725 B [0002]

27



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

